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A TEST OF THE DURABILITY OF 
SIGNAL-RELAY CONTACTS 


I. IntTRopUcTION 


1. Purpose and General Plan of Test.—The electric relay oc- 
cupies a very important position in the control of railway-signal 
indications in systems of interlocking, block signaling, automatic 
train control, centralized traffic control and highway-crossing pro- 
tection. Its design and operation must comply with the fundamental 
requirement that a train in the block, a misplaced switch, a broken 
rail, a broken wire or other defect will result in the immediate display 
of the “stop” indication by the appropriate signals governing train 
operation. 

The electric relay is defined by the American Institute of Elec- 
trical Engineers as ‘‘a device that is operative by a variation in the 
conditions of one electric circuit to affect the operation of other 
devices in the same or another circuit.”” Both track and line relays 
were used in the test. A track relay is one that receives, at least, 
a part of its operating energy through the rails of the track, whereas a 
line relay is one that receives its operating energy through conductors 
that are independent of the track. 

The most vital parts of the relay are the contacts, those surfaces 
that separate to break the circuits and that close upon each other to 
complete or make the circuits which the relays themselves control. 
It is well known that the electrical resistance of these contacts gen- 
erally changes after a period of operation when subject to mechanical 
wear and to influences of weather, lightning, and other external con- 
ditions. The relative effect of these influences is, however, not so 
well understood. This test was undertaken, therefore, to try to 
determine to what extent the durability of the relay is affected by 
the nature of the materials composing the contacts and by the mere 
mechanical wear of the contacts themselves. To this end, the experi- 
ment was conducted in a room where the air was dry at all times and 
where the temperature remained practically constant throughout the 
entire period of the test. The equipment was thus free from moisture, 
lightning, and those other influences that prevail in practice where 
the relays are in housings along the right-of-way. 

The tests were begun in January, 1927, and concluded in July, 
1931. During that time the equipment was operated continuously 
except for short intervals during the summer months and for such 
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additional stops as were required for readings, for renewal of batteries 
and replacement of lamps, and for maintenance of motor and speed- 
reducing mechanism, of circuit-breakers and revolution-counters. 
The relays were sealed and no repairs whatever were made to them. 
In ordinary practice most relay contacts are opened and closed only a 
few times a day; but in order to speed up the test, the contacts were 
made to open and close sixty times an hour. Operating at this rate 
during this interval of time, the relay contacts opened and closed 
two million times, a number representing a far greater period than 
the lifetime of any relay in normal railway service. The general 
conclusions drawn from the test are given on page 13; but it is appro- 
priate to state here briefly that even after making and breaking the 
circuits the two million times none of the relay contacts showed any 
important deterioration. 


2. Acknowledgments.—This work was carried on as a part of the | 
program of the Engineering Experiment Station of the University of 
Illinois, and was done under the general administrative direction of 
Dean M.S. Ketcuum, Director of the Engineering Experiment Sta- 
tion, and under the immediate supervision of Pror. E. C. Scumipt, 
Head of the Department of Railway Engineering. The relays, 
batteries, transformers and lamps were furnished by the Illinois 
Central Railroad Company through Mr. H. G. Morgan, Signal 
Engineer, and Mr. S. C. Horrman, Signal Supervisor. Both Mr. 
Morgan and Mr. Hoffman made many useful Suge ess ous concerning 
the program and procedure of the test. 


Il. Tue Reuays 


3. Description of Relays —The general arrangement of the equip- 
ment is shown in Fig. 1. Three sets of relays, with two in each set, 
were supplied for the purposes of the test. One set, numbered 1 and 
2, was made by the General Railway Signal Company. The four 
front contacts of relay No. 1 were CuC (a combination of copper and 
carbon) to silver and the four back contacts were silver to silver. 
The four front contacts of relay No. 2 were CuC to CuC and the 
four back contacts were silver to silver. Another set, numbered 3 
and 4, was made by the Union Switch & Signal Company. In both 
of these relays the four front contacts were carbon to silver and the 
two back contacts were silver to silver. The third set, numbered 5 
and 6, was made by the Hall Switch & Signal Company. Relay No. 
5 had the four front contacts made of carbon to silver laminations 
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and the four back contacts of silver to silver. Relay No. 6 had the 
four front contacts made of carbon to silver gauze and the four back 
contacts of silver to silver. Relays Nos. 1 and 2 were line relays with 
640 ohms resistance in the energizing coils, Nos. 3 and 4 were also 
line relays with 670 ohms resistance in the coils, and relays Nos. 5 
and 6 were track relays with 4 ohms resistance in the coils. 

The pick-up, drop-away, and working values of the current in 
amperes for the three sets of relays at the beginning of the test are 
given in Table 1. A check taken at the end of the test indicated that 
practically no changes in these values occurred during the test period. 

The relays used in this test are representative of many thousands 
of those that are now in service and that are likely to remain in 
service for some time to come. Attention should, however, be direct- 
ed to the fact that within the last few years new designs of relays 
have become available which may in the long run displace those here 
under consideration. 


TABLE 1 
Pick-Up, Drop-Away, AND WorkKING VALUES OF CURRENT 


1 2 3 A 5 6 
Relay No. GRS GRS US&S US&S HALL HALL 
Pick-up current, amps...... 0.0060 0.0064 0.0062 0.0062 0.078 0.078 
Drop-away current, amps...| 0.0032 0.0032 0.0028 0.0028 0.037 0.037 


Working current, amps...... 0.0100 0.0110 0.0094 OQ: QOSE | Nase oa lh ena Bante 
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Fic. 2. Revays, Lamps, SHort-circuitine SwitcHes, VOLTMETER BINDING- 
posts, TRANSFORMERS, AND GENERAL WIRING ARRANGEMENT 


Ill. Merrnops or Conpuctine TEST 


4. Wiring Diagram.—The relays, lamps, short-circuiting switches, 
voltmeter binding posts, transformers, and general wiring arrange- 
ments are shown in some detail in Fig. 2, while the wiring diagram 
for the various circuits is shown in Fig. 3. In this diagram, the 
energizing coils of the four line relays are connected in multiple to a 
battery of twelve Edison primary cells connected in series. The 
energizing coils of the two track relays are connected in multiple to a 
battery of two Edison primary cells also connected in multiple. The 
fingers of the relays are connected by pairs in multiple to a power 
line so that the contacts of each pair receive the current independ- 
ently of any others. The power current passing over the contacts is 
alternating current taken from the secondary coils of two transformers 
connected in multiple, and is used to light 30-watt lamps of the type 
employed in railway-signal service. This use of equipment and appli- 
cation of power corresponds to the conditions in practice where relay 


contacts control the lights used in electrically-lighted signals and 
other similar devices. 
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The system of numbering the relay contacts is shown in the fol- 
lowing diagram: 


1 2 3 4 5 6 
Relay No. GRS GRS US&S US&S HALL HALL 


Contact No. F-1 2 
12 


The methods of connecting the fingers in pairs to the lamp circuits 
are shown in Fig. 3. In the case of relays Nos. 1, 2, 5, and 6, contacts 
F-1 and F-2 are in one circuit and F-3 and F-4 in another, while B-1 
and B-2 are in one circuit and B-3 and B-4 in another. In the case 
of relays 3 and 4, there are no back contacts 2 and 3. Therefore, con- 
tacts F-1 and F-4 are in one circuit, F-2 and F-3 in one, and B-1 
and B-4 in another. 

The relay energizing coils are connected to the batteries through a 
circuit-breaker in such a way that the coils are energized for a period 
of one-half minute and de-energized for the same length of time, thus 
opening and closing the contacts sixty times an hour. The circuit- 
breaker is actuated by a 110-volt alternating-current motor operating 
through a gear-reducing mechanism having a reduction ratio of 1800 
to 1. The circuit-breaker is a fiber cylinder two inches in diameter 
and one inch in thickness, covered full width for one-half of its cir- 
cumference with a thin brass plate. This completes the circuit be- 
tween the two terminals of both sets of batteries for one-half revolu- 
tion of the cylinder, or for a period of one-half minute. The revolu- 
tion-counters installed on the circuit-breaker record the number of 
revolutions the circuit-breaker makes, and, consequently, the number 
of times the relay contacts open and close. The motor, gear-reducing 
mechanism, and circuit-breaker are shown in more detail in Fig. 4. 

The circuits are so arranged that the voltages are all read on one 
panel, marked “Voltmeter Terminals” in Fig. 3. The voltage of the al- 
ternating current in the power line is read between the posts marked 
Eac. The voltage of the twelve Edison cells energizing the four 
line-relay coils is read between the posts marked Epc,, and of the two 
cells energizing the two track-relay coils, between the posts marked 
Epc, The amount of the alternating current flowing over the con- 
tacts in each lamp circuit is read between the ammeter binding posts 
of that circuit when the short-circuiting switches are opened. The 
amount of the current from the battery energizing the coils of the 
four line relays is read between the two posts marked J pc, when 
their switch, No. 13, is opened, and the amount of the current from 
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the battery energizing the coils of the two track relays, between the 
two posts marked Ipc, when their switch, No. 14, is opened. The 
closing and opening of these two switches, Nos. 13 and 14, serves to 
energize and de-energize the relay coils and thereby permit readings 
of alternating current through front and back contacts of the relays. 
All through the period of the test the voltage of the alternating-power 
current was somewhat variable, since this line was connected directly 
to the University power circuit. The two sets of Edison cells were 
renewed whenever they were reduced to the point where they could 
not supply the working current. 


5. Readings During Test—Voltmeter and ammeter readings were 
taken, on the average, about once a week to determine the voltage 
and amount of current passing to the relay coils from both batteries, 
and also the voltage and amount of current passing over each front 
and back relay contact. The pressure in the power line varied be- 
tween 7.0 and 8.0 volts with an approximate average of 7.7, and the 
current varied from between 2.5 and 3.1 amperes with an approxi- 
mate average of 2.75. Readings to determine the resistances of the 
relay contacts were taken about once a month. A local circuit was 
set up for this purpose with current supplied from one or two cells of 
an Edison storage battery. The connections for this local circuit are 
shown in Fig. 5. Generally, three signal lamps, connected in multiple, 
furnished the resistance. In order to set up this circuit and make it 
available for all of the relays, the alternating-current power was shut 
off and a jumper was put in to connect binding posts P; and P» of 
relay No. 2. The current from the storage battery then flowed 
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through the three lamps, through the ammeter to the binding post of 
the contact being measured, through the contact itself, through the 
relay finger and then through the common power line wiring to post 
P, and finally to the battery. It was possible to use the power con- 
nections to complete the circuits in this way since they were all in 
multiple and all wires were short and were large enough in cross- 
sectional area to offer practically no additional resistance. The volt- 
meter was connected in multiple with each relay finger as indicated 
in Fig. 5. By this arrangement, the only thing that had to be done to 
the circuit to read each one of the contacts was to change the con- 
nections from F-1 to F-2, then to F-3 and to F-4 for each relay. The 
relay coils were de-energized to get back-contact readings by opening 
the switches Nos. 13 and 14. The values for the current in these 
circuits ranged up to 4 amperes and voltages up to 1 in extreme 
cases. Three sets of readings of both voltage and current were taken 
for each front and back contact each time an observation was made 
to calculate the resistance of the contacts. A constant interval of 
time was used before the readings to secure uniform conditions of 
heating from the passing current. 
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IV. ReEsvuuts 


6. Results of Test.—The resistances of the various relay contacts 
are plotted as ordinates and the number of revolutions of the circuit- 
breaker as abscissas in Figs. 6, 7, and 8. One revolution of the 
circuit-breaker represents a complete cycle of opening and closing the 
contacts. An examination of the curves indicates that the resistances 
of the back contacts on all of the relays changed very little during the 
test period. In some cases the resistances of the front contacts 
increased for a time and then dropped to the original level again. 

It must be understood, of course, that the results of this test can 
be applied only to the conditions in practice where relays are used to 
control the circuits of electrically-lighted signal lamps and other 
devices that are operated under similar conditions. In many of the 
other service applications of the relay, the current and other operat- 
ing conditions are so different that similar tests made under those 
circumstances might perhaps show somewhat different results. 


V. CONCLUSIONS 


7. Conclusions from Test.—In general, the curves in Figs. 6, 7, and 
8 show that the resistances of the front contacts were more variable 
than the back. The nature of the materials composing these contacts 
had, no doubt, a contributing influence in these variations. Possibly, 
in some instances, the variations were due to small particles of ma- 
terials breaking off the face of the contacts thereby increasing the 
width of the airgaps and then wearing away to normal conditions 
again. Some of the differences between the resistances of the contacts 
in the same lamp circuit may be due to the fact that these contacts 
broke the circuits on each side of the lamp, and since it is impossible 
to adjust two contacts so that they always make and break the circuit 
at exactly the same time, the contact which makes last and breaks 
first is subject to more burning. None of the curves, however, show 
any appreciable permanent increase in the resistances of the contacts. 

Even though the total number of times that the contacts opened 
and closed represents a much longer period of time than the normal 
life of a relay in service, none of the contacts, either front or back, 
in any of the relays, showed any indications of heat or corrosion or 
any other signs of breakdown or failure. The results of this test seem 
to point to the conclusion, therefore, that in a relatively large per- 
centage of the cases where relays have to be removed from service, the 
depreciation is due to conditions of weather and other causes rather 
than to the behavior of the materials in the contacts themselves. 
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Another, by Howard R. Thomas and Victor A. Hoersch. 1930. Thirty cents. 

Bulletin No. 218. Combustion Tests with Illinois Coals, by Alonzo P. Kratz 
and Wilbur J. Woodruff. 1930. Thirty cents. 

*Bulletin No. 214. The Effect of Furnace Gases on the Quality of Enamels for 
Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1930. Twenty cents. 

Bulletin No. 215. The Column Analogy, by Hardy Cross. 1930. Forty cents. 

Bulletin No. 216. Embrittlement in Boilers, by Frederick G. Straub. 1930. 
None available. 

Bulletin No. 217. Washability Tests of Illinois Coals, by Alfred C. Callen and 
David R. Mitchell. 1930. Sixty cents. 

Bulletin No. 218. The Friability of Illinois Coals, by Cloyde M. Smith. 1930, 


Fifteen cents. 
Bulletin No. 219. Treatment of Water for Ice Manufacture, by Dana Burks, Jr. 


1930. Sixty cents. ] 
*Bulletin No. 220. Tests of a Mikado-Type Locomotive Equipped with Nicholson 
Thermic Syphons, by Edward C. Schmidt, Everett G. Young, and Herman J. 


Schrader. 1930. Fifty-five cents. ; 
*Bulletin No. 221. An Investigation of Core Oils, by Carl H. Casberg and Car! E. 


Schubert. 1931. Fifteen cents. | 
*Bulletin No. 222. Flow of Liquids in Pipes of Circular and Annular Cross- 


Sections, by Alonzo P. Kratz, Horace J. Macintire, and Richard E. Gould. 1931. 
Fifteen cents. 
*A limited number of copies of bulletins starred are available for free distribution. 


+Copies of the complete list _of publications can be obtained without charge by addressing the 
Engineering Experiment Station, Urbana, ill. 
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Bulletin No. 223. Investigation of Various Factors Affecting the Heating of 
Rooms with Direct Steam Adie tore, by Arthur C. Willard, Alonzo P. Kratz, Maurice 
K. Fahnestock, and Seichi Konzo. 1931. Fifty-five cents. ; 

*Bulletin No. 224. The Effect of Smelter Atmospheres on the Quality of Enamels 
for Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1931. Ten cents. 

*Bulletin No. 225. The Microstructure of Some Porcelain Glazes, by Clyde L. 

son. 1931. Fifteen cents. 
De Babee No. 226. etek Tests of Reinforced Concrete Arches with Decks, 
by Wilbur M. Wilson. 1931. Fafty cents. ; 

*Bulletin No. 227. The Effect of Smelter Atmospheres on the Quality of Dry 
Process Enamels for Cast Iron, by A. I. Andrews and H. W. Alexander. 1931. 
Ten cents. 

*Circular No. 21. Tests of Welds, by Wilbur M. Wilson. 1931. Twenty cents. 

Bulletin No. 228. The Corrosion of Power Plant Equipment by Flue Gases, 
by Henry Fraser Johnstone. 1931. Sixty-five cents. j ae, 

*Bulletin No. 229. The Effect of Thermal Shock on Clay Bodies, by William R. 
Morgan. 1931. Twenty cents. 

Bulletin No. 230. WHumidification for Residences, by Alonzo P. Kratz. 1931. 
Twenty cents. , ’ isu 

*Bulletin No. 231. Accidents from Hand and Mechanical Loading in Some Illinois 
Coal Mines, by Alfred C. Callen and Cloyde M. Smith. 1931. Twenty-five cents. 

*Bulletin No. 232. Run-Off Investigations in Central Illinois, by George W. 
Pickels. 1931. Seventy cents. 

*Bulletin No. 233. An Investigation of the Properties of Feldspars, by Cullen W. 
Parmelee and Thomas N. McVay. 1931. Thirty cents. 

*Bulletin No. 234. Movement of Piers during the Construction of Multiple-Span 
Reinforced Concrete Arch Bridges, by Wilbur M. Wilson. 1931. Twenty cents. 

Reprint No. 1. Steam Condensation an Inverse Index of Heating Effect, by 
Alonzo P. Kratz and Maurice K. Fahnestock. 1931. Ten cents. 

*Bulletin No. 235. An Investigation of the Suitability of Soy Bean Oil for Core 
Oil, by Carl H. Casberg and Carl EH. Schubert. 1931. Fafteen cents. 

*Bulletin No. 236. The Electrolytic Reduction of Ketones, by Sherlock Swann, 
Jr. 1931. Ten cents. 

*Bulletin No. 237. Tests of Plain and Reinforced Concrete Made with Haydite 
Aggregates, by Frank E. Richart and Vernon P. Jensen. 1931. Forty-five cents. 

*Bulletin No. 238. The Catalytic Partial Oxidation of Ethyl Alcohol, by Donald 
B. Keyes and Robert D. Snow. 1931. Twenty cents. 

*Bulletin No. 239. Tests of Joints in Wide Plates, by Wilbur M. Wilson, James 
Mather, and Charles O. Harris. 1931. Forty cents. 

*Bulletin No. 240. The Flow of Air through Circular Orifices in Thin Plates, by 
Joseph A. Polson and Joseph G. Lowther. 1932. Twenty-five cents. 

*Bulletin No. 241. Strength of Light I Beams, by Milo 8. Ketchum and Jasper O. 
Draffin. 1932. Twenty-five cents. 

*Bulletin No. 242. Bearing Value of Pivots for Scales, by Wilbur M. Wilson, 
Roy L. Moore, and Frank P. Thomas. 1932. Thirty cents. 

*Bulletin No. 243. The Creep of Lead and Lead Alloys Used for Cable Sheathing, 
by Herbert F. Moore and Norville J. Alleman. 1932. Fifteen cents. 

*Bulletin No. 244. A Study of Stresses in Car Axles Under Service Conditions, 
by Herbert F. Moore, Nereus H. Roy, and Bernard B. Betty. 1932. Forty cents. 

*Bulletin No. 245. Determination of Stress Concentration in Screw Threads by 
the Photo-Elastic Method, by Stanley G. Hall. 1932. Ten cents. 

*Bulletin No. 246. Investigation of Warm-Air Furnaces and Heating Systems, 
Part V, by Arthur C. Willard, Alonzo P. Kratz, and Seichi Konzo. 1932. Eighty cents. 

*Bulletin No. 247. An Experimental Investigation of the Friction of Screw 
Threads, by Clarence W. Ham and David G. Ryan. 1932. (In press.) ‘ 

*Bulletin No. 248. A Study of a Group of Typical Spinels, by Cullen W. Parmelee, 
Alfred E. Badger, and George A. Ballam. 1932. Thirty cents. 

*Bulletin No. 249. 'The Effects on Mine Ventilation of Shaft-Bottom Vanes and 
Improvements in Air Courses, by Cloyde M. Smith. 1932. Twenty-five cents. 


*Bulletin No. 250. A Test of the Durability of Signal-Relay Contacts, by Everet 
E. King. 1932. Ten cents, sf 5 ine fA Se 


*A limited number of copies of bulletins starred are available for free distribution. 


